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Surface Shape Correction  
by Highlight Lines
1 Introduction
The design of industrial products applies various construction 
aspects. Beside functionality and manufacturability conditions that 
are essential in technical design, products must also meet aero-
dynamic, hydrodynamic and aesthetic demands. These demands 
are particularly important in automotive, ship and airplane industry 
but they are also present in the design of medical replacements, 
household appliances, etc. The common objective of above aspects 
is to produce smooth and irregularity free surface shape. Quality 
and smoothness of surfaces of industrial objects can efﬁciently be 
evaluated by highlight lines.
2 Related work
Highlight lines is a highly sensitive method for displaying the reﬂec-
tion characteristics of the surfaces, suited for use in surface design. 
They are intuitive, view independent and they magnify surface 
discontinuities by one order. The method was developed by Klaus-
Peter Beier and Yifan Chen (Beier & Chen 1994). 
Methods for correcting surface by adjusting its highlight lines were 
ﬁrst published by Klass (1980) and later Kaufmann and Klass (1988). 
Correlation between highlight lines and the deﬁning parameters of 
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the surfaces  i.e. control points is described by a non-linear equation 
system, which is too time consuming to solve, and the results are 
not always good enough. The articles leave open the question of 
highlight line adjustment.
The method developed by Zhang and Cheng (1998) introduces a 
great number of simpliﬁcations to obtain a linear system of equa-
tion to modify control points through highlight lines. However, the 
highlight line cannot accurately follow the points speciﬁed by the 
designer; the method yields adequate results only in a small range 
of the errors. The method adjusts highlight lines individually. The 
abnormal portions are chopped off and replaced by a cubic Hermi-
te curve. The adjustment however doesn’t consider the pattern of 
highlight lines, and the shape of the replacement curve might not 
always be satisfactory.
The major problem of the above methods is represented by the 
complex mathematic relation between the adjusted highlight line 
and the control points of the corresponding surface. Our method 
circumvents this problem by using genetic algorithms, which can 
ﬁnd modiﬁed control points even in the absence of direct mathema-
tical relations.
Another problem of these methods is the lack of proper solution 
concerning the structure and shape adjustment of highlight lines. 
Either they don’t address the question (Klass 1980, Kaufmann & 
bKlass 1988) or the suggested method has limited applicability 
(Zhang & Cheng 1998).
Our method of surface shape correction (Table 1) starts with the 
computation of highlight lines. Inspection of the surface quality is 
carried out by using several light source settings and surface orienta-
tions. Next, the designer deﬁnes interactively the region of highlight 
lines to be adjusted and the regularity of the highlight line pattern is 
evaluated. The new, adjusted highlight lines are created based on 
the evaluation. This is followed by the automatic determination of 
the affected surface region and corresponding control points. Ad-
justment of the control points is carried out by a genetic algorithm.
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3 Surface Representation and Highlight Line Computation
Free-form surfaces in CAD are typically represented by a vector-
valued parametric equation of the form:
(1)
The shape of the surface 6XY is deﬁned by an array of control 
points PLMand the Bézier, B-spline or NURBS basis functions Nik, Nkl 
of order Nand l (Hoschek & Lasser 1993). A highlight line is created 
on the surface by the reﬂection of a linear light-source of inﬁnite 
length. The highlight line consists of a set of highlight points. They 
are points on the surface where the corresponding surface normal 
and the light-source intersect each other that is the perpendicular 
distance between them is zero. The line of the light source can be 
described as /Ȝ  $%Ȝ where $ is a point on /Ȝ, and % is a 
vector deﬁning the direction of the line. The signed perpendicular 
distance GXYbetween the normal 1XY at a surface point 6XY 
and the linear light source is:
 
(2)
For a point on the highlight line GXY   holds, which must be sol-
ved for the control points of 6u,v). To design high quality surfaces, 
this relation has to be computed with high accuracy. We developed 
a robust method for computing points on highlight lines, which is 
described in detail in Gyurecz & Renner (2009). From these points 
a continuous highlight line is constructed. The interpolating curve 
start 
computation 
and inspection 
of highlight 
lines 
selecting and 
adjusting de-
fective high-
light lines
determining 
affected 
surface 
control points
control point  
adjustment by 
genetic algo-
rithm 
end 
Table 1:   Block diagram of the surface correction method
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ﬁtted to the highlight points is created in B-Spline representation. 
In the set of equations for determining the Picontrol points of the 
curve &Xthe control points are the unknown variables (Hoschek & 
Lasser 1993).
 (3)
To meet & curve continuity, the degree r of the curve is set to 3. The 
distance between the highlight points can vary. Theuk parameter 
belonging to Qk point of the curve (equation 3) are set proportional 
to the chord length between highlight points. 
4 Highlight Line Adjustment
The highlight line adjustment is the result of the global and the lo-
cal correction. The global correction repairs the pattern of highlight 
lines; the local correction replaces the defective highlight line parts 
according to the global correction. 
4.1 Global Correction
The designer ﬁrst interactively selects the region of highlight lines 
to be adjusted. The selection identiﬁes the defective &LXi)|i=R..R+N
highlight line curves and the KL &iXL.and 9i &iXi9 endpoints of 
defective portions. The values of the corresponding )&
 i,KiKi u E  
and )&
 i,ViVi u E tangential vectors and )u(uU i,Vi,Ki  curve 
parameter domain is also calculated (Figure 1). These parameters 
will be used in local curve adjustment. The number of defective 
highlight lines is N, the index of ﬁrst defective highlight line is R.
    in
i
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r
ikk uu PQ ¦
 
  

N&
Figure 1:   Selection of defective highlight lines.
516
Ti
bo
r B
er
cs
ey
 &
 G
yö
rg
y 
Gy
ur
ec
z  
  
The main characteristic of a correct highlight line structure is the 
uniform or uniformly changing highlight line pattern. To measure the 
irregularity in the pattern. intersection points, based on perpendicu-
lar cross directions are created. The variation of these points is con-
sidered as the evaluation tool of the global highlight line structure.
Let Mi-1 &i-1Xi-1) and ML &iXi) intersection points on two conse-
cutive highlight lines (Figure 2). Let $i 0i–0i-1 and TL &ƍiXi)  the 
tangential vector in Mi . The requirement of perpendicularity is met if 
$iā7i . To reduce the inﬂuence of highlight line geometry, we mo-
dify the location of MiWR0ƍi, according to following relation: 7ƍLā7i 
. That is, the tangential vectors corresponding to consecutive inter-
section points must be parallel.
Figure 2:   Interpretation of intersection points.
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The variation of intersection points is measured by distance 
di  __0ƍi__– __0i-1|| and angle difference Įi $ƍi $i-1). For repairing 
the pattern we modify the intersection points in terms of di and Įi . 
The modiﬁed intersection points are determined by employing Her-
mite polynomials. In Figure 3.a and 3.b adjustment of intersection 
is seen. Figure 3.c shows the intersection points before and after 
adjustment. The modiﬁed points are connected by dashed lines. 
4.2 Local Correction
The modiﬁed intersection points arranged by highlight lines (Figure 
4) are used to create approximate replacement curve for defective 
highlight line parts. For the construction of the curve constrained 
least square method is used (Hoschek & Lasser 1993).
The creation of corrected highlight lines is followed by the automa-
tic determination of the affected surface region and corresponding 
control points. Adjustment of the control points resulting the correc-
ted highlight lines are determined by genetic algorithm.
Figure 3:   Intersection points before and after modiﬁcation.
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5 Concept of Genetic Algorithm
Genetic algorithms (GA) were ﬁrst introduced by J. H. Holland (Her-
rera et al. 1998, Holland 1998). The basic idea is to apply the Darwi-
nian mechanism of evolution in ﬁnding optimal solution to complex 
or non-linear problems. Solutions are represented by chromosomes, 
composed of genes that contain variable parameters of the solu-
tion. The chromosomes form a population and they are evaluated 
according to predeﬁned criteria called ﬁtness, which quantiﬁes the 
optimality of the solution they represent. Chromosomes of next 
generations are created by genetic operators. The basic operators 
include selection, crossover and mutation. The algorithm runs until 
an acceptable solution is found.
6 Genetic Algorithm in Surface Correction
Our goal is to correct the shape of surfaces by means of their re-
ﬂection characteristics through the shape and distribution of their 
highlight lines. The objective of GA is to adjust the parameters of 
surfaces resulting in a new surface shape that produces the correc-
ted highlight lines. In this paper we give details of genetic represen-
tation and ﬁtness function.
6.1 Structure of Genes and Chromosomes
Free form surfaces are determined by a number of parameters. 
However, the most effective parameter for surface modiﬁcation 
is the control point PLM. In genetic representation those control 
points are included that have inﬂuence on the surface region that 
Figure 4:   Constructional parameters of replacement curve.
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designer wants to correct. They can be computed from the basis 
functions corresponding to particular control points. Their strength 
of inﬂuence is represented by the constant bLM that is calculated by 
integrating the basis functions over the region of interest. A gene gȖ 
consist of control point modiﬁcation ǻ3LM and constant bLMapplied to 
corresponding PLM:
   JȖ ǻ3LM[\]ELM.   (4)
where x, y and z are Cartesian coordinates of ǻ3LM , while Ȗ is the 
identiﬁer of genes within a chromosome. The chromosome of a sur-
face has the following structure: cȕ J1…gȖJJ) where ȕ identiﬁes 
the chromosome in the population and J is the number of genes in 
the chromosomes.
6.2 Fitness Function
Fitness function contains geometric deviation between actual and 
corrected highlight lines. It consists of two components: accuracy 
and shape similarity. Accuracy is based on the distance, while shape 
similarity on angle difference of tangent vectors between correspon- 
ding highlight points. Denote corih  the corrected, and recih the high-
light line, created during the genetic search and  ki td  the deviation 
between corresponding highlight points at different t parameters of 
highlight lines. Then, the distance error component of the ﬁtness 
function is
  (5)
where      kcorikcreik ttt hhdi   while nidenotes the number of ex-
amined highlight points.  Variable l indicates the number of highlight 
lines. Angle difference of the error component angf is calculated in 
same manner, except the deviation is composed as follows:
  (6)
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We analyzed the ﬁtness components regarding their efﬁciency of 
correcting highlight lines. We found, that distance error component 
promotes the creation of accurate highlight lines, but their shape 
similarity is often poor. Tangency error component behaves in op-
posite way: it promotes producing highlight lines with good shape 
similarity, but on the expenses of their accuracy. We eliminated the 
disadvantages of ﬁtness components by letting the distance domi-
nate in the beginning of the search and make the tangency domi-
nate at the end. This is realized with the following ﬁtness function:
  (7)
where distw  is the weight of distance error component of the initial 
population. Expression     1ôvarvardist ccww  '  11  denotes the 
change in the ratio. It is driven by the change in the chromosome va-
riability. Variables varc  and  
1W
varc  denote chromosome variability of the 
initial, and the previous generation (Ĳ denotes the index of the current 
generation). The best results were achieved by using   distw .
7 Analysis and Results
The method was applied to several industrial surfaces, the data of 
two examined surfaces are given in Table 2. The algorithm’s efﬁci-
ency was tested through different error domains and sizes. The er-
ror domain is represented by the number of affected control points, 
while the size of the error is deﬁned through maximum distance 
between defective and corrected highlight lines.
   wwww distdist 'r' angdist 1fff #
Table 2:   Data for testing the algorithm through real world surfaces.
ID max.  distance [mm]
total number  
of CPs affected CPs
S1 5.54 874 79
S2 9.32 484 21
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Figure 6:   The change of ﬁtness through generations.
Figure 5:   a.) Disclosing defective highlight lines   
b.) Redesign of highlight lines  c.) Affected CP-s.
The application of our method starts with the evaluation of surface 
reﬂection status. Figure 5.a displays the erroneous highlight lines 
of the surface. It can be seen, that irregularities occur in the region 
indicated by white circle. The domain of highlight lines for correc-
tion is marked and corrected by the method described in chapter 4 
(parts between yellow rectangles in Figure 5.b. The affected control 
points are selected automatically (they are represented with diffe-
rent grey shaded rectangles in Figure 5.c: lighter shade indicates 
higher inﬂuence on defective highlight line parts.
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S1 (back of a concept car) S2 (trunk lid of an existing car)
Table 3:   Analysed surfaces in their defective and corrected form.
Next, genetic search is performed with the above ﬁtness function. 
The GA runs until the user deﬁned stop criteria is fulﬁlled. We de-
ﬁned it as the allowable residual error, set to 5%. Figure 6 shows 
the GA run-offs of example surfaces. It can be seen that the stop 
criteria (İ - shown as dashed line) was met in both cases.
We verify the results visually in Table 3. In ﬁrst row, rendered ima-
ges are shown. In second row, highlight lines of the original, in third 
row highlight lines of the corrected surfaces are seen. Notice that 
while rendered images seem to be smooth, highlight lines disclose 
irregularities on surfaces.
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 8 Summary
Method for correcting surface shape errors by highlight lines was 
presented. The correction of highlight lines structure is achieved in 
two consecutive steps. In ﬁrst step highlight line pattern is repaired, 
in next step the geometry of highlight lines is corrected. The cor-
rection is partly intuitive, partly automated. The intuitive elements 
are mainly in selection of defective highlight line portions, the posi-
tioning of highlight points is automated. Adjustment of the surface 
control points resulting the corrected highlight lines are determined 
by genetic algorithm. We circumvent the time consuming com-
puting highly non-linear correlations between control points and 
highlight lines. Our method is robust and intuitive. It is applicable to 
surfaces of any shapes and any kinds of CAD representations, for a 
wide range of highlight line and surface errors.
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